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Ratio And Pro portion 


THEOREM 14.1.1 


A line parallel to one side of a triangle and 
intersecting the other two sides divides them 


proportionally. 


Given: w <> 
vir ovd line 1 is intersecting the sides AC and AB at 


points Е and D respectively such that ED|ICB. 
То ргоуе: __ И 
mAD:mDB = тАЕ: тЕС . 


Construction: o 
Join B to E and C to D and draw DM and EL 


perpendiculars from D and E on АС and AB to meet at 
the points M and L respectively. 


Proof: 
Statements Reasons 
In triangles BED and AED, 


|mEL is the common perpendicular 


Area of a triangle 
1 


- (base x height) 


АВЕО =~x mBD xmEL ...(i) 
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зоо ово 


But ABED = ACDE. 


common base and 
same  altitudes аге 
equal. ED||CD given, so 
altitudes are equal 


From (a) and (b), we have | 
тар =e dK 


mDB  mEC 


1 


{2 14.1.2 
‘ Converse of 


THEOREM 14.1.1 


^ If a line segment intersects the two sides of a 
triangle in the same ratio, then it is parallel to 
the third side. 


Solution: 
Given: 
In triangle ABC, ED intersects АВ and AC such that 
mAD: mDB: mAB: mEC 
To prove: 
ED||CB 
Construction: 


IF ED # CB, then draw BF||DE to meet AC produced at F. 
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two 
proportionally 
(Theorem 4) 


= mEC 


mAE From (i) and (ii) 
mEC 
mEC 


Which is possible only if|Property of real numbers 
point F is coincident with C. 
> Our supposition is wrong 


Hence ED||CB 
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THEOREM 14.1.3 


The internal bisector of an angle of a triangle 
divides the sides opposite to it in the ratio of the 
lengths of the sides containing the angle. 


^ 
^1 


- 


Given: Se ” 
In ДАВС internal angep bis 3ctorof angle A intersects CB 
at the point D... ч ИИ 
То Prove: {9 A 
26 “mBD: “be = mAB:mAC 
Construction: à 


Draw a line segment BE||DA to meet CA produced, at E. 
Proof: 
+ АБНЕВ and EC |-Constructions 
intersects there at A 
and E,so mz1 = mz2 
Again AD || ЕВ 
And AB intersects them 
So т/3 = mZ4 .... (ii) : 
But mz1 = m43 

‘m42 = m44 
and AE = : AB 


Corresponding angles 


Altemate angles 
Construction (given) 


Construction 
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A line parallel to one side of 
a triangle and intersecting 
the other two sides divides 
them proportionally. 


‚ mEA = mAB (Proved) 


THEOREM 14.1.4 


If two triangles which are similar then measures 
of their corresponding sides are proportional. 
Solution: 


B 


Given: oc ЧМ 
In coméspondence of ДАВС © ADEF 
ie., , E 20, 4B = ZE and 2С = ZF 
mAB mAC mBC 

To Prove: р E EE 
Construction: 
(a) Suppose that mAB > mDE 
(b) mAB < mDE 

On AB take a point L such that тАЁ = mDE 

On AC take a point M such that mAM = mDF, Join L 


and M by the line segment LM. 
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Construction 
SAS Postulate 


Corresponding angles of 


congruent triangles 
Now ZE = 4B and ZF = £C Given 


- £L22B, «М & zC Transitivity of 
congruence 
Thus LM||BC. Corresponding angles 
are equal. 

A line parallel to one 
side of a triangle and 
intersecting the other 

: |two sides divides them 
proportionally. 


= ADEF 
And ¿L = ZE, ДМ = ИЕ 


Similarly by intercepting 


segments on BA and BC ei 


_ mAC _ mBC 

mDE  mDF mEF 

(b) IfmAB« mDE itcan 
similarly be proved by taking 
intercepts on the sides of 
ADEF. 

If mAB = mDE 

Then in the correspondence of 
AABC © ADEF 


By (i) and (ii) 


By taking reciprocals. 


Given 
Given 
Construction’ 
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so AABC = ADEF ASA S ASA 
Thus mAB _ таб _ mie _ 1 АС = DF 

тоЕ  mDF ТЕР | 
Thus result is true for ail cases BE = EF 


| EXERCISE 14.2 


Qi. In AABC as shown in the figure, CD bisects 2С 
and meets AB at D. mBD is equal to | 
_‚ (а) 5 (b) 16 (<). 10 (а) 18 
Solution: 
In AABC, CD bisect 
4. C meets AB at D. 
As CD is the internal 
bisector of 4С 
So mBD = mBC 
mDA mCA 
mBD _ 10 


в ae 


mBD = ТЕ "2. ' 

So the correct ¢ answer Fis (a). 
Q2. In ДАВС- shown т the fi igure, CD bisects <C. If 
_mAC = = 3, mCB = 6 апа тАВ = 7, then find mAD 


y апа mDB. 
Solution: 
In ДАВС, mAC = 3 
mCB = 6, mAB = 7 
Let mAD=x 
then mDB=7 -x 
As CD 
internal bisector 
2C 
mAD _ mAC 
So mbB _ mCB 
x _3 
7-х 6 
6x = 21 - 3x 
9x = 21 
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EXERCISE . 14.1 


Q1. In AABC, DE | BC. 


Solution: 
A 
D E 
B 
(i); Ар = 1.5 ст, BD = 3 ст, AE = 1.3 
In ДАВС, РЕ! es. 


13х3х10 
10х15 
13 


— = т 


(2.4) (4.8) | 

(2.4) (4.8) 24x10x48 
: 10x32x10 
у = 3.6 ст 
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D = 2, Аб = 4.8, AE =? 


DB | MN 

In ДАВС, DE i| BC 

máD _ mAE 

mDB mEC 

3 = АЕ 

3 _ А 

oe SK а 
8 _ АЁ+ЕС - AC 
5 и ЕС ЕС 
`8 = 2 

5__ ЁС 

8Е = 48x5 = 24 

C 


= = 8 cm 
DE = АВ — АБ 
= 6 - 2.4 = 3.6 ст 

СЕ = AC — AE 

ou 8-32z 4.8 cm 
AD = 4x - 3, AE = 8x - 7, BD = 3x - 1, CE = 5x - 3 
find x. 
In AABC, DE | BC 
Ab ë AE — 
BD ~ EC 
4x—3 " 8x-7 
3x-1 © 5x-3 
(4x — 3) (5х ~ 3) z (8x — 7) (3x — 1) 


20x?- 12x - 15x + 9 = 24x?- 8x - 21x +7 
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or 20x? — 24x? — 27x + 29x + 9-7=0 
—4x* +2x +2 = 0 
or 2х2 — x — 120 


2x? - 2x - x - 120 
2x(x — 1) + (х-1)=0 
(x -— 1) (2х + 1) =0 
= 1 
= 1, = 
For x = — sides become negative. 
So x = 1 
Q2. If AABC is an isosceles triangle, 2А is vertex 
angle and DE intersects the sides AB and AC as 
shown in the figure so that 
mAD : mDB = mAE : mEC 
Prove that AADE is also an isosceles tri angle K 


Given AB = AC 


From figure 


>. AADE is isosceles. 
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Q3. In an equilateral triangle ABC shown in the 
figure, MAE : mAC = mAD: mAB. Find all the 
three angles of A ADE and name it also. 

Solution: A 

Given: 

ABC is 
equilateral triangle 


Reasons 


Given 


п ВЕ тС = 60° 
ZAED = ZACD = 60° 

- Each angle of A ADE has 
measure of 60° 

So A ADE is  equiangular or 


From (i) 


Q4. Prove that the line segment drawn through the 
mid-point of one side of a triangle and parallel to 
another side bisects the third side. 

Solution: 


Given: 
In ДАВС, D is mid-point of AB. DE 1 BC 
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Construction: 
Take EF | AB 


isa ир: 


(iii) | From (1), (ii) 


Corresponding angles 


in correspondence 


ЛАРЕ ———» AEFC 

12 = 21 From (iv) 

Z3 = 4С Corresponding angles 
AD = EF From (ii) 


Hence AADE = AEFC 


A.A.S z A.A.S 
Corresponding sides of 
congruent angles. 


жд 
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QS. Prove that the line segment joining the mid- 
points of any two sides of a triangle is parallel to 


the third side. 
Solution: 
. Given: 


AC are L апа М 
respectively. 
To prove: 

LM il BC 
Construction: 


Join M to L and produce ML to М such that ML = LN. 
Join N to B and in the figure, name the angles as 21, < 


Z3. 
Proof: 
Statements 
п ABLN ——— ——— AALM 


> 
Juba 
CO) Ww iv IR 
к > 
г 


"mo (ii) 
NB || AM 
Thus NB | MC ......... (iii) 
MC&AM `......... (iv) 
М = АМ ......... (у) 


^ BCMN is a parallelogram 
BC l| LM 
or BC I| NL (vi) 


In A ABC, ће мс 
mid-points of AB and. — N, l 


2 А ! V 
^| ve 


NIO a 


піса! angles 
Construction 
S.A.S. postulate 


Corresponding angles of | 
congruent triangles 
Corresponding angles of 
congruent triangles 


(M is mid-point of AC) 
Given 

from (ii) and (iv) 
From (i) and (v) 
Opposite sides of a 


parallelogram (BCMN) | 
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so AABC = ADEF ASA S ASA 
Thus mAB _ таб _ mie _ 1 АС = DF 

тоЕ  mDF ТЕР | 
Thus result is true for ail cases BE = EF 


| EXERCISE 14.2 


Qi. In AABC as shown in the figure, CD bisects 2С 
and meets AB at D. mBD is equal to | 
_‚ (а) 5 (b) 16 (<). 10 (а) 18 
Solution: 
In AABC, CD bisect 
4. C meets AB at D. 
As CD is the internal 
bisector of 4С 
So mBD = mBC 
mDA mCA 
mBD _ 10 


в ae 


mBD = ТЕ "2. ' 

So the correct ¢ answer Fis (a). 
Q2. In ДАВС- shown т the fi igure, CD bisects <C. If 
_mAC = = 3, mCB = 6 апа тАВ = 7, then find mAD 


y апа mDB. 
Solution: 
In ДАВС, mAC = 3 
mCB = 6, mAB = 7 
Let mAD=x 
then mDB=7 -x 
As CD 
internal bisector 
2C 
mAD _ mAC 
So mbB _ mCB 
x _3 
7-х 6 
6x = 21 - 3x 
9x = 21 
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9 
Q3. Show that in any conesponding of two triangles, 
if two angles of one triangle are congruent to the 
corresponding angles of the other, then the 
triangles are similar. 
Solution: 


А 


B 


‘Let the two As be ABC а 
It is given he 
mzA = "86 
mzB = 


аван f the м of a triangle is 180° 

+mzB + mzC = 180° 

т/і + mzM + тС = mzL + mzM + mzN 

ши + mzM + mzC = mzL + mzM + ТЕМ 

тС = mzN 

The two triangles ABC and LMN are similar. 

Q4. If line segments AB and CD are intersecting at 


* 


тАХ`_ mCX 
point X and == = D 
Solution: 
Given: 
Line segment AB and CD intersect at X and 
mAX _ mCX 
mXB  mXD 
To prove: 


AAXC and ABXD are similar. 
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С 
В 
X 
A 
D 
Proof 
Reasons | 
Given | 

| So AC || BD | 

In As AXC and BXD ud 

тААХС = mzBXD Vertical angles — NG | 

| mzA=mzB Alternate angles 5 (~ 

mzC =mzD рач hi8 

| So the triangles are similar. -—— А | 
Qi. Which) "I | following are true and which are 

1 false? 


(i) > Congruent triangles are of same size and shape. 

(ii) Similar triangles are of same shape but different sizes. 
(iii) Symbol used for congruent is‘ ~‘. 

(iv) | Symbol used for similarity is 'z'. 

(v) | Congruent triangles are similar. 

(vi) Similar triangles are congruent. 

(vii) Aline segment has only one mid-point. 

(viii) One and only one line can be drawn through two points. 
(ix) | Proportion is non-equality of two ratios. 

(x) Ratio has no unit. 


OT (WT (йу) j(v)F (vT | 
[((vi)F  [(vii) T [(vii) T. Е  |(x)T 
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Q2. Define the following: 


(i) Вабо (ii) ^ Proportion 
(i) Congruent Triangle (iv) Similar Triangies 
Solution: 
(i) Ratio 
The r 


atio of two quantities a and b of same kind is 
denoted as a : b and is defined as: 


a: b—a-b 


- | а. | | 
The ratio а p= "m the comsarison of two like 


quantities ‘a’ and ‘b’ are called terms of ‘a’ ratio 'b'. Terms must 
be expressed in the same units. 


(ii) Proportion 


The statement of equality of two ratios is called 
proportion. 


ie. ifa:b=c:d then a, b, c and d are said toe in 
Шой т. Y 


(ii) ^ Congruent Triangles 


МБ. - "e F 
"Two triangles are said to be congruent written 
symbolically as =, if there exists a correspondence between 


them such that all the corresponding s:des and angles are 
congruent. 


АВ = DE ДА = 4D 
If jac = er and ZB=zZE 
CA = FD 2C = ZF 


Then AABC = ADEF 
(iv) Similar Triangles 

If in ДАВС <> ADEF 

LA = 2D, 2B = ZE, 2C = ZF 

АВ _ ВС _ СА 
And БЕР FD 

Then AABC and ADEF are cailed a similar triangle 
which is symbolically written as AABC ~ ADEF. 
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Q3. In ALMN shown in the figure, MN || PQ 
Solution: 
L 


M | М 
(i) тїМ=5ст, mLP = 2.5 ст, 
mLQ _= 2.3 ст, mLN = ? 


we 


Arn died 


Q4. In the shown figure, let mPA = 8x- 7, mPB = 
4x- 3, mAQ = 5x - 3, mBR = 3x - 1. Find the 
value of x if AB | QR. 

Solution: . 

mPA = 8x - 7, mPB = 4x - 3 
mAQ = 5x - 3, mBR = 3x - 1 

As AB | QR 
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Q R 
(8х — 7) (3x - 1) = (4х - 3) (5x - 3) 
24x? — 8x - 21x + 7 = 20x? - 12x - 15x +9 
24x? — 20x? - 20x + 27x * 729. — 
4х2 — 2x * 7 = 9 
4x? — 2x - 2-0 
2x? —x- 120 
2х? — 2x + x - 1 
2x(x - 1) * (x iam 


M ) 2x 


1i 


the T value. 

A LMN show in the figure, LA bisectzL. If 
miN = = 4 miM = 6, МММ = 8, then find mMA and 
mAN. 

Solution: 


M 


mLN = 4, mLN = 6, mMN = 8 
LA is bisector of 4L 
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mMA _ тм _ 6 
шМА_ miN 4 


i.e. ТМА : ММА =6: 4 
but | МММ = mMA + тАМ = 8 


апа mAN = — x == 3.2 

Q6. Іп isosceles ДРОВ shown in the figure, find the 
value of x and y. 

Solution: 
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